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ܩ = ሺܸ, ܧሻ
݀ீሺݒ, ݐሻ
ܦ = ʹ|ܧ||ܸ|ሺ|ܸ| − ͳሻ
ܥ஼ሺݒሻ = ͳ∑ ݀ீሺݒ, ݐሻ௧∈௏
ܥீሺݒሻ = ͳ݉ܽݔ௧∈௏݀ீሺݒ, ݐሻ,
ܥ஼ሺݒሻ = ∑ ʹ−ௗ�ሺ௩,௧ሻ௧∈௏\௩
ݔ௜ = ͳ� ∑ ݔ௝௝∈ெሺ௜ሻ= ͳ�∑�௜,௝ݔ௝ே௝=ଵ ܯሺ�ሻ �ߜ௦௧ሺݒሻ = �௦௧ሺݒሻ�௦௧
ܥ஻ሺݒሻ= ∑ ∑ ߜ௦௧ሺݒሻ௧≠௩∈௏௦≠௩∈௏ �௦௧ሺݒሻ�௦௧ܴܰሺݒሻ= ሺͳ − ݀ሻ + ݀× ∑ ܴܰሺݐሻܥሺݐሻ௧∈௏\௩
ݐ → ݒ
 
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̈
  
 


݈ሺܿଵ, ܿଶሻ
݀ሺܿଵሻ = ݈ሺܿଵ, ݎ݋݋ݐሻ
ݎ݈݁ுௌሺܿଵ, ܿଶሻ = ܥ − ݈ሺܿଵ, ܿଶሻ − ݇ × ݀�ݎ
ݏ�݉௅஼ሺܿଵ, ܿଶሻ = −݈݋݃ ݈ሺܿଵ, ܿଶሻʹܦ
ݏ�݉ோሺܿଵ, ܿଶሻ = −݈݋݃⁡ሺ݌ሺ݈ݏ݋ሺܿଵ, ܿଶሻሻ
݀�ݏݐ௃஼ሺܿଵ, ܿଶሻ = ʹ × ݈݋݃ ቀ݌(݈ݏ݋ሺܿଵ, ܿଶሻ൯ቁ− ݈݋݃(݌ሺܿଵሻ൯ − ݈݋݃(݌ሺܿଶሻ൯
ݏ�݉௅ሺܿଵ, ܿଶሻ = ʹ × ݈݋݃ ቀ݌(݈ݏ݋ሺܿଵ, ܿଶሻ൯ቁlog(݌ሺܿଵሻ൯ + ݈݋݃(݌ሺܿଶሻ൯ ݀�ݏݐ௃஼ݏ�݉ௐ�ሺܿଵ, ܿଶሻ= ʹ × ݀(݈ݏ݋ሺܿଵ, ܿଶሻ൯݈(ܿͳ, ݈ݏ݋ሺܿͳ, ܿʹሻ൯ + ݈(ܿʹ, ݈ݏ݋ሺܿͳ, ܿʹሻ൯ + ʹ × ݀(݈ݏ݋ሺܿͳ, ܿʹሻ൯
ݏ�݉௅௘௦௞ሺܿଵ, ܿଶሻ
 

 
ܵ�݉ሺݓ݋ݎ݀ଵ , ݓ݋ݎ݀ଶሻ = ∑ ݓ݋ݎ݀ଵ,௜ ∗ ݓ݋ݎ݀ଶ,௜௞௜=ଵ√∑ ݓ݋ݎ݀ଵ,௜ଶ௞௜=ଵ ∗ √∑ ݓ݋ݎ݀ଶ,௜ଶ௞௜=ଵ
ݓ஽,௜ = (ln(ݐ ஽݂,௜ + ͳ൯൯ ∗ ݈݊ ܰ݊௜
ݐ ஽݂,௜ ݊௜
 

ݓௗ,௡ ݖௗ,௡ �ௗߚ௞ ߙ
݌ݎ݋ܾሺ݂ݎܽ݃݉݁݊ݐ௜ሻ
ܦ௄௅ሺܲ||ܳሻ =∑ቆܲሺ�ሻܳሺ�ሻቇ ܲሺ�ሻ௜
ܦ௃ௌሺܲ||ܳሻ = ͳʹ ሺܦ௄௅ሺܲ||ܯሻ + ܦ௄௅ሺܳ||ܯሻሻ,ܯ = ͳʹ ሺܲ + ܯሻ
ݏ�݉ሺ݂ݎܽ݃݉݁݊ݐଵ, ݂ݎܽ݃݉݁݊ݐଶሻ = ͳ − ܦ௃ௌሺ݌ݎ݋ܾሺ݂ݎܽ݃݉݁݊ݐଵሻ, ݌ݎ݋ܾሺ݂ݎܽ݃݉݁݊ݐଶሻሻ





✓ ✓ ✓ ✓
✓
✓ ✓ ✓ ✓
✓ ✓ ✓ ✓ ✓
✓ ✓ ✓
✓✓
✓ ✓ ✓ ✓ ✓
✓ ✓ ✓ ✓ ✓
✓ ✓ ✓
✓ ✓
✓
✓
✓ ✓
✓
✓ ✓ ✓ ✓ ✓
✓ ✓ ✓ ✓
✓ ✓ ✓ ✓
✓ ✓ ✓
✓ ✓ ✓ ✓
✓
✓
✓
✓ ✓ ✓ ✓
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✓ ✓
✓     
 ✓ ✓  
✓ ✓ ✓ ✓
✓  ✓   
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✓ ✓
✓      
 ✓ ✓  
✓ ✓ ✓ ✓ ✓
✓ ✓ ✓  
 
 
  
 
 
ሻݑሺ௟�௨ௗ௜௩௜ௗ௡௜݁ݎ݋ܿݏ⁡ ∗ ݐ݊݁�ܿ�݂݂݁݋ܿ + ሻݑ ← ݒ ,ݒሺ௟�௡௜௙݁ ݎ݋ܿݏ = ሻݑሺ௟�௡௜௙݁ ݎ݋ܿݏ
ݐ݊݁�ܿ�݂݂݁݋ܿݑ ← ݒሻݑ ← ݒ ,ݒሺ௟�௡௜௙݁ ݎ݋ܿݏ ሻݑሺ௟�௨ௗ௜௩௜ௗ௡௜݁ݎ݋ܿݏ
௟�௡௜௙݁ ݎ݋ܿݏ
௟�௡௜௙݁ ݎ݋ܿݏ
  
 
 
 
 
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 
 
 
∑ ܽሺ�ሻʹ−௜௜ܽሺ�ሻ
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 ✓ ✓  ✓ ✓
✓ ✓     
 ✓  ✓  
✓   ✓  
  ✓  ✓ ✓ ✓
 ✓ ✓  ✓ ✓ ✓
   ✓  
  ✓  ✓ ✓ 
 ✓ ✓ ✓  
✓  ✓ ✓
 
 

 
 
  
 

 
ݍݑܽ݊ݐ�ݐܽݐ�ݒ݁ሺuሻ = ݈݋݃ ൮ ∑ lengthሺstemሻ × Tfሺstemሻ × �dfሺstemሻremaining⁡words )
௩→௨ݏ݇݊�݈⁡݋݈݊݀݋ℎݏ݁ݎℎݐ ൒ ሻݒ ,ݑሺ݉�ݏ⁡ℎݐ�ݓ௩→௨ݏ݇݊�݈⁡݋݊ = ሻݑሺ݊݋�ݏ݁ℎ݋ܿ⁡݀ܽ݁ݎℎݐ
௩→௨⁡௞௡௜௟ሻݒ ,ݑሺ݉�ݏ ∑+ ͳ = ሻݑሺݐܿܽ݌݉�⁡݁ݎݑݐݑ݂
ሻ݊݋�ݐܽݏݎ݁ݒ݊݋ܿ⁡݁ݎ�ݐ݊݁ ,ݑሺ݉�ݏ = ሻݑሺ݁ܿ݊ܽݒ݈݁݁ݎ
ሻݏݐ݌݁ܿ݊݋ܿ⁡݂݋⁡ݐݏ�݈⁡݀݁݊�݂݁݀݁ݎ݌ ,ݑሺ݉�ݏ = ሻݑሺ݁݃ܽݎ݁ݒ݋ܿ⁡ݏܿ�݌݋ݐ
ݏ݋ܿ�݈ܽሺݑሻ = ∏ ሺͳ + ݈݋݃⁡ሺ݂ሺݑሻሻ�௟௟⁡௦௢௖௜�௟⁡௙�௖௧௢௥௦⁡௙௤௨�௡௧�௧௜௩௘⁡௢௥௤௨�௟௜௧�௧௜௩௘
 
݉ܽݎ݇ሺuሻ = ݍݑܽ݊ݐ�ݐܽݐ�ݒ݁ሺuሻ × ݍݑ݈ܽ�ݐܽݐ�ݒ݁ሺuሻ × ݏ݋ܿ�݈ܽሺuሻ
݃ܽ�݊ሺuሻ = ݌݁ݎݏ݋݈݊ܽܩܽ�݊ሺuሻ + ܿ݋݈݈ܾܽܩܽ�݊ሺuሻ
݌݁ݎݏ݋݈݊ܽ⁡݃ܽ�݊ሺuሻ = ∑ (݉ܽݎ݇ሺvሻ + ݃ܽ�݊ሺvሻ൯ × ݏ�݉ሺu, vሻ୪୧n୩⁡୳→୴୵୧୲୦⁡ܛ�ܕ܍⁡ୱpea୩e୰
ܿ݋݈݈ܾܽ݋ݎܽݐ�ݒ݁⁡݃ܽ�݊ሺuሻ = ∑ (݉ܽݎ݇ሺvሻ + ݃ܽ�݊ሺvሻ൯ × ݏ�݉ሺu, vሻ୪୧n୩⁡୳→୴୵୧୲୦⁡܌�܎܎܍ܚ܍ܖܜ⁡ୱpea୩e୰ୱ
mark⁡based⁡collababoration = ∑ ܿ݋݈݈ܾܽ݋ݎܽݐ�ݒ݁⁡݃ܽ�݊ሺuሻa୪୪⁡୳୲୲e୰anceୱ⁡୳∑ ݉ܽݎ݇ሺuሻa୪୪⁡୳୲୲e୰anceୱ⁡୳
gain⁡based⁡collaboration = ∑ ܿ݋݈݈ܾܽ݋ݎܽݐ�ݒ݁⁡݃ܽ�݊ሺuሻa୪୪⁡୳୲୲e୰anceୱ⁡୳∑ ݃ܽ�݊ሺuሻa୪୪⁡୳୲୲e୰anceୱ⁡୳
 
  
 
௝݁ ݎ݋ܿݏ/௜݁ݎ݋ܿݏ
 
 
 
Master Workpool
Worker 1 Worker 2 Worker n
Queue 2 Queue nQueue 1
Monitoring service
Keepalive 
(Heartbeat)
Keepalive 
(Heartbeat)
Keepalive 
(Heartbeat)
Status Queue
...
...
 
 
 
ሻͳ + ݊ሺ/ʹ = ߙ ߙ 
௡−௧� − ௧� = ݊݋�ݐܿ݁ݎ�ܦ
଴=௜ଵ−௡|ଵ−௜−௧� − ௜−௧�|∑ = ݕݐ�݈�ݐ݈ܽ݋ܸ
ݕݐ�݈�ݐ݈ܽ݋ܸ|݊݋�ݐܿ݁ݎ�ܦ| = ܴܧ
஼ௌݓ݋݈ܵ + ሻ஼ௌݓ݋݈ܵ − ஼ௌܿݏܽܨሺ × ܴܧ = ܥܵ
ͳ + Ͳͳʹ = ஼ௌݓ݋݈ܵ , ͳ + ʹʹ = ஼ௌݐݏܽܨ
ଶܥܵ = ߙ
௧ܲ = ߙ × �௧−ଵ + ሺͳ − ߙሻ × ௧ܲ−ଵ
ݏ݈ሺݐሻ = ݁�ሺ௧−ଵሻ − ͳ݁�ሺ௧−ଵሻ + ͳ , ݐ = ݐ௡௢௪ݐ௣௥௘ௗ௜௖௧௘ௗ
ߚ
ߚ
ߚ
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✓ ✓ ✓ ✓ ✓  ✓
 ✓ ✓ ✓ ✓   
✓ ✓ ✓ ✓ ✓ ✓   
✓ ✓ ✓ ✓ ✓ ✓   
 ✓ ✓ ✓ ✓ ✓ ✓  ✓
  ✓ ✓ ✓ ✓  ✓ ✓
 ✓ ✓ ✓ ✓ ✓  ✓ ✓
 ✓ ✓ ✓ ✓   ✓
✓ ✓ ✓ ✓  ✓

 

 
 
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  ͳ + log⁡ሺ݊݋⁡݋ܿܿݑݎ݁݊ܿ݁ݏሻ
 
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ݒ݁݀ݐݏ + ݊ܽ݁݉ ݊ܽ݁݉ ݒ݁݀ݐݏ − ݊ܽ݁݉
 




  
 
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 ܴௐ = ௡ܹ ݊௡ܰ௡ ⁡+ ⁡ ௩ܹ ݊௩ܰ௩ + �ܹ௝ ݊�௝�ܰ௝ + �ܹ௩ ݊�௩�ܲ௩௡ܹ + ௩ܹ + �ܹ௝ + �ܹ௩ܴௐ⁡ ݊௡ ݊௩ ݊�௝ ݊�௩
௡ܰ ௩ܰ �ܰ௝ �ܰ௩ ௡ܹ ௩ܹ �ܹ௝�ܹ௩


 


 
  
 
ܴܧ = ʹͲ͸,ͺ͵ͷ − ሺͳ,Ͳͳͷ ∗ �ܵܮሻ − ሺͺͶ,͸ ∗ �ܹܵሻ 
 
ܨܱܩ = ሺ�ܵܮ + ܲܪܹሻ ∗ Ͳ,Ͷ
 
ܨܭܴ� = ሺͲ,͵ͻ ∗ �ܵܮሻ + ሺͳͳ,ͺ ∗ �ܹܵሻ − ͳͷ,ͷͻ
 
 ܪሺܺሻ = − ∑ ݌ሺܿሻ݈݊ሺ݌ሺܿሻሻ௖=௦௧௘௠௠௘ௗ⁡௪௢௥ௗ௢௥௖=௖ℎ�௥�௖௧௘௥
 
  
 
ʹݓ√ ൑ ଵݒ ൑ ݓʹ√ͳ ⁡ℎݐ�ݓ, ݓʹ√ݐ = ଵݒ
 
݈ ൑ ଶݒ ൑ ͳ⁡ℎݐ�ݓ , ݈ݓ = ଶݒ
 
ݒଷ = ݑ√ʹܾ ,ݓ�ݐℎ⁡ ͳ√ʹܾ ൑ ݒଷ ൑ √ܾʹ
 
ܨܭܴ� = ሺͲ,͵ͻ ∗ �ܵܮሻ + ሺͳͳ,ͺ ∗ �ܹܵሻ − ͳͷ,ͷͻ
ܴܥ = |ݒଵ − ͳ√ʹݓ| + |ݒଶ − ͳ| + |ݒଷ − ͳ√ʹܾ| + |ݒସ − ͳ|
ܥ�ܨ = ܴܥ − ሺ݉ܽݔሺݒଵ, ݒଶ, ݒଷ, ݒସሻ − ݉�݊ሺݒଵ, ݒଶ, ݒଷ, ݒସሻሻ
 
 
 
ܥ ߛ ሺܥ ∈ ۃʹ−ହ, ʹ−ଷ, … , ʹଵଷ, ʹଵହۄ ߛ ∈ ۃʹ−ଵହ, ʹ−ଵଷ, … , ʹଵ, ʹଷۄሻ
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